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ABBREVIATIONS
CCPT Conners’ Continuous
Performance Test, Second
Edition
CP QOL-
Child
Cerebral Palsy Quality of Life
Questionnaire for Children
AIM To investigate the efficacy of an embodied mindfulness-based movement programme
(MiYoga), targeting attention in children with cerebral palsy (CP).
METHOD Total number of participants 42, with 24 boys (57.1%) and 18 girls (42.9%); mean
age 9y 1mo, SD 3y; Gross Motor Function Classification System levels I=22, II=12, III=8) and
their parents were randomized to either MiYoga (n=21) or waitlist comparison (n=21) groups.
The primary outcome was attention postintervention measured by the Conners’ Continuous
Performance Test, Second Edition (CCPT). Secondary outcomes included parent and child
mindfulness, child quality of life, parental well-being, child executive function, child
behaviour, child physical measures, and the parent–child relationship.
RESULTS Children in the MiYoga group demonstrated significantly better attention
postintervention than the waitlist comparison group, with lower inattention scores on the hit
reaction time standard error (F1,33=4.59, p=0.04, partial eta-squared [g2p]=0.13) variable and
fewer perseveration errors (F1,33=4.60, p=0.04, g2p=0.13) on the CCPT. Intention-to-treat
analysis also revealed that sustained attention in the MiYoga group was significantly better
than in the waitlist comparison group postintervention (F1,37=5.97, p=0.02, g2p=0.14). Parents in
the MiYoga group demonstrated significantly decreased mindfulness (Mindfulness Attention
Awareness Scale; F1,33=10.130, p=0.003, g2p=0.246).
INTERPRETATION MiYoga offers a lifestyle intervention that improves attention in children
with CP. MiYoga can be considered as an additional option to standard rehabilitation to
enhance attention for children with CP.
Cerebral palsy (CP) is a lifelong condition caused by non-
progressive damage to the infant brain, resulting in motor
and postural difficulties.1 CP occurs in 1.77 per 1000 chil-
dren.2 One in two children with CP have an intellectual
disability,3 and attention and executive function deficits are
also common.4 Attentional deficits in children are associ-
ated with academic challenges,5 poorer social skills, and
behaviour problems.6 Currently there are limited interven-
tions addressing attentional deficits.7
The practice of mindfulness can enhance and develop
attention.8 Mindfulness-based practices involve directing
attention onto a chosen point of focus, such as the breath,
an object, or a mantra, and then sustaining this focused
attention. A systematic review of the efficacy of mindful-
ness training on cognitive abilities in adults found that
mindfulness-based practices were associated with improve-
ments in attention and working memory capacity.9 There
is also evidence that mindfulness meditation is associated
with increased prefrontal cortical thickness, a brain region
associated with attention.10 Indeed, a review of yoga and
meditation neuroimaging studies suggests that both yoga
and meditation can cause functional changes across the
brain with regular practice.11
Hatha yoga is an embodied mindfulness practice, inte-
grating mindfulness with movement.12–14 Hatha yoga pos-
tures (or asanas), involve synchronizing movement and
breath, with the rhythmic movement helping to calm the
mind and train it to focus.15 Like mindfulness practice,
hatha yoga trains focus and attention. The traditional yoga
text, Hatha Yoga Pradıpika, notes that using mindfulness
meditations to focus the mind may not be suitable for every-
one, especially children.14,16 Hatha yoga was recommended
to these individuals as a more appropriate option to calm
the mind.14,16 Typically, hatha yoga prepares the body,
breath, and attention for further meditative practices.14
A recent systematic review investigating mindfulness-
based practices on attention in children showed that effi-
cacy is not clearly established.17 The results were
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promising, with five out of 13 studies showing statistically
significant effects on attention (partial eta-squared [g2p]
=0.3–32.03), indicating the need for further quality
research.17
The primary aim of this pragmatic randomized con-
trolled trial was to test the efficacy of an embodied mind-
fulness-based movement programme (MiYoga) in
enhancing sustained attention and other attention variables
in children with CP. Secondary outcomes of interests
included: improve child executive function, physical and
psychological outcomes, and parents’ psychological and
general well-being.
METHOD
Study design
The study design, a waitlist randomized controlled trial,
has been detailed in the study protocol.18 The primary aim
was to determine the efficacy of the MiYoga programme,
compared with a waitlist group after 8 weeks of interven-
tion. After completion of postintervention assessments at 8
weeks, the waitlist group was then offered MiYoga. If the
waitlist group of children and parents participated in
MiYoga, they were then asked to complete an additional
assessment after completing MiYoga. Full ethical approval
for this study was obtained from the Children’s Health
Queensland Hospital and Health Service Research Ethics
Committee (HREC/12/QRCH/120), and the Behavioural
and Social Sciences Ethical Review Committee of The
University of Queensland (2012000993). This trial was
registered with the Australian New Zealand Clinical Trials
Registry (ACTRN12613000729729); the date of trial regis-
tration was 2nd July 2013.
Participants
Participants were children diagnosed with unilateral or
bilateral CP (aged 6–16y; in functional severity Gross
Motor Function Classification System levels I–III) accom-
panied by one of their parents or caregivers. These child–
parent dyads were recruited from the databases of the
Queensland Cerebral Palsy Rehabilitation Research Cen-
tre, the Queensland Cerebral Palsy Register, through
advertising in schools located in southeast Queensland, and
referrals from clinicians in the Queensland Paediatric
Rehabilitation Service. All participants lived within 1 hour
of their closest MiYoga group and assessment location
(Brisbane, Gold Coast, and Sunshine Coast). The recruit-
ment period was active between September 2013 and
September 2015, and the postintervention assessments
were completed in February 2017.
Sample size
Sample size calculations were based on the primary out-
come of sustained attention measured by the Conners’
Continuous Performance Test, Second Edition (CCPT),
where the reaction time of children with CP was two stan-
dard deviations (SDs) below typically developing compar-
ison individuals.19 On the basis of this finding, the current
study aimed to detect a difference of 1 SD between the
MiYoga group and waitlist group postintervention (time
2), using Lehr’s equation with a set at 0.05 and power set
at 0.80; a sample size of 32 child–parent dyads was
needed.20 To account for attrition (10% was assumed), a
total of 36 dyads were required.
Randomization
Participants were randomized using a computerized-gener-
ated list of random numbers with block randomization to
ensure equal allocation of participants per group. The
group allocations were placed in concealed opaque envel-
opes. When child–parent dyads completed the baseline
assessments, non-study personnel opened the next envelope
to determine the participants’ group allocation (MiYoga or
waitlist).
Intervention
The MiYoga intervention has been reported in detail in
the study protocol.18 MiYoga uses mindfulness and mind-
ful movement techniques based on hatha yoga principles to
enhance child and caregiver outcomes for children with
CP. An explorer theme is used throughout the MiYoga
programme. The aim of this theme is to help participants
embody a sense of curiosity, which is a fundamental char-
acteristic of mindfulness. The MiYoga intervention was an
8-week programme that consisted of six 90-minute sessions
over the initial 6 weeks, followed by two telephone or
Skype consultations over the remaining 2 weeks of the
programme to help participants integrate MiYoga practices
into their everyday life. In the group sessions each week,
participants learnt to use a different tool (five senses,
thoughts, and feelings) to explore their everyday life.
MiYoga content consisted of hatha yoga and mindfulness
meditations, as well as informal mindfulness activities such
as explorations and games such as mindful eating.
The group sessions were scheduled outside school hours
(after school or at weekends). Over the 8-week duration of
the programme, child–parent dyads were asked to partake
in daily home practices for a minimum of 20 minutes
along with the MiYoga DVD and the MiYoga poster pro-
vided to them in the first MiYoga session. The MiYoga
DVD consisted of mindfulness exercises and yoga
sequences similar to those delivered in the group sessions.
The MiYoga poster was made up of yoga sequences and
contained child-specific modifications identified from the
initial assessment session. Each MiYoga poster consisted of
general instructions as well as modifications for how par-
ents could assist their child. Where possible, photographs
of the child performing the postures with their modifica-
tions were included.
What this paper adds
• MiYoga, an embodied mindfulness-based movement programme, can
enhance attention (more attentive and consistent performance) in children
with cerebral palsy.
• MiYoga had no significant effect on physical functioning.
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Outcomes measures
Child and parent demographic information including age,
sex, marital status, income, health, and comorbidities was
collected using questionnaires.
Primary outcomes
The primary outcome was sustained attention as measured
by the CCPT.21,22 The CCPT is a 14-minute computer-
administered test. Participants were asked to observe letters
displayed on a computer screen and to press a button at
the appearance of each letter except for the letter ‘X’. The
letters appeared at random intervals (1s, 2s, or 4s) and the
duration of each stimulus was 250ms. This test measures
the time to process information (e.g. reaction time) and
errors such as false negatives or false positives. The test is
divided into six equal blocks of 20 trials.
The sustained attention variables from CCPT included:
(1) hit reaction time block change (change across the dura-
tion of the test of six blocks); (2) omission error block
change: and (3) commission error block change. Other
attention variables of interest from the CCPT were also
analysed, including: (1) inattention, made up of the indices
hit reaction time, hit response time consistency, percentage
commission errors, percentage omission errors, detectabil-
ity (reaction time distribution of target vs non-target ‘X’),
and variability (variability of reaction time); (2) vigilance,
made up of hit reaction time interstimulus interval change;
(3) perseverations (measure of response error due to impul-
sive or inattentive responding); and (4) response style. The
test–retest correlation coefficients for the indices men-
tioned above ranged from 0.05 to 0.84.21
Secondary outcomes
Children’s executive function abilities, namely attentional
switching and inhibition, were measured using digit span
and symbol search subtests from the Wechsler Intelligence
Scale for Children, Fourth Edition23 as well as the colour-
word interference test and the trail making test from the
Delis-Kaplan Executive Function System.24 The Behaviour
Rating Inventory of Executive Function,25 a parent-rated
questionnaire, was used to measure children’s day-to-day
behavioural manifestations of executive functioning. Scores
were converted into scaled scores using age- and sex-based
norms.
Children’s mindfulness was measured by the Child and
Adolescent Mindfulness Measure,26 a 10-item question-
naire assessing present-moment awareness and non-judge-
mental and not-avoidant responses to thoughts and
feelings.
Children’s behaviour and psychological attributes was
measured by the Strengths and Difficulties Question-
naire,27,28 a 25-item parent-report questionnaire designed
to assess the child’s emotional and behavioural adjustment.
Children’s physical outcomes included: (1) lower limb
functional strength, which was measured by sit-to-stand
test, lateral step-up test, and half-kneel to stand;29 (2) flexi-
bility, measured by the sit-and-reach test; (3) submaximal
motor capacity, measured by the 6-minute walk test;30 and
(4) mobility limitations, measured by the Mobility Ques-
tionnaire 28 items,31 a parent-report questionnaire.
Children’s quality of life was measured by the condition-
specific Cerebral Palsy Quality of Life Questionnaire for
Children (CP QOL-Child) (children <12y)32 and the Cere-
bral Palsy Quality of Life Questionnaire for Adolescents
(children ≥13y)33 using both self-report and parent-report.
Children’s self-reported pain experience was measured by
the Wong–Baker Faces Pain Rating Scale,34 a scale
between 0 to 5 (with 0 equal to ‘no hurt’ and 5 equal to
‘hurts worse’).
Parent outcome measures included: measures of mind-
fulness (Mindfulness Attention Awareness Scale),35 their
psychological flexibility (Acceptance and Action Question-
naire),36 psychological well-being (Depression, Anxiety and
Stress Scale; a total score range 0–126, where higher scores
indicate suboptimal states),37 personal well-being (Personal
Wellbeing Index),38 and the child–parent relationship
(Child-Parent Relationship Scale).39
Statistical analyses
The MiYoga group was compared with the waitlist com-
parison group postintervention by a series of analyses of
covariance (ANCOVAs), with the time 1 (baseline) scores
used as covariates. The secondary analysis examined sus-
tained attention as measure by CCPT in more detail. To
investigate participants’ sustained attention performance
pattern on CCPT postintervention, a two-way repeated-
measures analysis of variance (ANOVA) was conducted.
RESULTS
Baseline
Two hundred and seventy-six children were screened, and
45 child–parent dyads consented to participate in the
study. Three families failed to proceed after signed con-
sents, so after baseline assessments were completed 42
child–parent dyads were randomized to either the MiYoga
(n=21) or waitlist comparison (n=21) groups. Four child–
parent dyads withdrew before postintervention assessment:
two were randomized into the MiYoga group but did not
start the programme, while the other two dyads were ran-
domized to the waitlist group but withdrew before the
scheduled postintervention assessments. This left 19 in
each group postintervention (90% retention for both
groups; see Fig. 1). In summary, this study recruited and
randomized a total of 42 child–parent dyads, with 35 chil-
dren completing the primary outcome task, CCPT.
There were no differences between groups on any of the
demographic or baseline measures (Table I), except for the
number of children who reported having learning difficul-
ties, with nine in the MiYoga group and only two in the
waitlist comparison group (v21;42=4.43 [n=42], p=0.04,
φ=0.38). Parents in the MiYoga group scored higher on
experiential avoidance or psychological inflexibility (mean
16.8 [SD 8.2]) than the waitlist comparison group (mean
11.9 [SD 5.7]) as measured by the Acceptance and Action
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Questionnaire (t40=2.26, p=0.03). Most of the children pre-
sented with some attentional and intellectual difficulties,
with children scoring a mean of 60% (SD 26.4) for atten-
tion-deficit–hyperactivity disorder clinical range on the
CCPT and a mean Full-scale IQ of 84.3 (SD 20.3) which
is in the low average range (14th centile). On average, chil-
dren in the MiYoga group completed 7.6 hours (SD 2.5)
out of a total of 9 hours of direct MiYoga training (group
sessions and telephone consultations) and 4.9 hours (SD
2.8) out of a total of 18.6 hours of indirect home practice
over the 8-week programme.
Intervention protocol adherence
All sessions were delivered by the first author (psychologist
and yoga teacher). Four child–parent dyads participated in
the programme in private sessions with the therapist as
they were unable to attend scheduled groups (n=2) or were
randomized into a group by themselves in that cohort
(n=2). A protocol checklist was completed at the end of
each session and in all circumstances; the content of
MiYoga was delivered as per protocol. Within the MiYoga
group, participants attended a mean of 6.00 (SD 1.86) of
eight sessions (including two telephone consultations). If a
participant missed a scheduled group session, every attempt
was made to arrange a make-up session, with 10 make-up
sessions conducted.
Postintervention analysis
Before analysis, variables were examined for normality by
studying scatterplots of outcome postintervention versus
outcome at baseline. Three variables were transformed on
the basis of their scatterplots: Mobility Questionnaire 28
items (used log[101x] transformation); Depression, Anxi-
ety and Stress Scale total score (using log[x+1] transforma-
tion); and Personal Wellbeing Index (using log[11x]
transformation). In addition, two clear outliers were
excluded from the analysis for family health and social
well-being and acceptance variables from the parent-report
CP QOL-Child questionnaire. After these log transforma-
tions and exclusion of outliers the results for the variables
remained unchanged so untransformed data are reported.
The variables used for the ANCOVAs were examined
using linearity and homogeneity of regression slope. The
assumption of homogeneity of regression slope was vio-
lated for half-kneel to stand and variables from the CP
QOL-Child scale, namely access to services, and feelings
about function and family health. The untransformed data
are reported. The variables used for the ANOVAs were
examined using Levene’s test for homogeneity of variance
and, where relevant, Mauchly’s test of sphericity. No viola-
tions of these model assumptions were observed.
Primary outcomes
MiYoga intervention resulted in improved attention com-
pared with the waitlist comparison group. Immediately
postintervention (time 2), the MiYoga group demonstrated
they were more attentive and more consistent (significantly
lower standard error scores for hit reaction time:
F1,33=4.59, p=0.04, g2p=0.13) as well as less impulsive (sig-
nificantly fewer perseveration errors: F1,33=4.60, p=0.04,
Identified as potentially eligible (n=270)
Self-referral or other contact (n=6)
Enrolled in study (n=45)
Baseline (n=42)
Randomization (n=42)
MiYoga
(n=21)
T2 – 8wks
(n=19)
(90% retention)
T2 – 8wks
(n=19)
(90% retention)
Waitlist
(n=21)
Excluded (n=231):
25 - Not eligible
125 - Declined (time, 35 - too far)
72 - Could not be contacted
9 - Interested but did not provide consent
Failed to proceed (n=3):
1 - Family reasons
1 - Unable to contact
1 - Not eligible after enrollment because of
     newly scheduled surgery
Withdrew (n=2):
1 - Unhappy with randomization
1 - Family reasons
Withdrew (n=2):
2 - Family reasons
Figure 1: Study protocol and participant flow according to Consolidated Standards of Reporting Trials (CONSORT) guidelines.
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Table I: Participant demographics and baseline characteristics of MiYoga and waitlist comparison groups
Variables
MiYoga (n=21) Waitlist (n=21)
na na
Child’s sex, male; n (%) 14 (67) 10 (48)
Parent’s relationship to child
Mother 18 18
Father 3 2
Other 0 1
Child’s mean age (SD) at baseline, y:mo 9:0 (3:2) 9:6 (2:11)
Only child 3 4
English main language, n (%) 21 (100) 21 (100)
Combined income (AU$)
<25 000 1 1
25 000–5 0000 2 4
50 000–75 000 3 3
>75 000 15 13
Gross Motor Function Classification System level
I 11 11
II 4 8
III 6 2
Cerebral palsy distribution, unilateral; n (%) 7 (33) 9 (47)
Comorbidities, n
Intellectual disability 2 5
Learning difficulties 9b 2b
Autism spectrum disorder 3 1
Attention-deficit–hyperactivity disorder 0 0
Vision impairment 2 4
Hearing impairment 1 2
Epilepsy 2 5
Variable Norm n
MiYoga
n
Waitlist
Mean SD Mean SD
Intellectual ability
WISC-IV short form Full-scale IQ 100 21 83.24 20.32 18 85.61 20.83
Verbal comprehension index 100 21 88.90 19.48 18 94.39 22.40
Perceptual reasoning index 100 21 87.14 20.07 18 83.72 20.25
Working memory index 100 21 88.10 17.35 18 96.11 15.96
Processing speed index 100 21 81.76 20.31 18 81.76 20.31
Attention-deficit–hyperactivity disorder clinical range (%) 21 56.86 23.92 18 63.54 29.31
Child measures
Attention
Sustained attention
CCPT hit reaction time block change 50 21 52.21 11.58 18 58.66 17.44
Inattention
CCPT hit reaction time 50 21 63.26 15.82 18 62.51 12.39
CCPT hit reaction time standard error 50 21 59.25 13.44 18 59.87 13.05
CCPT commissions 50 21 51.79 9.15 18 52.37 9.39
CCPT omissions 50 21 58.79 20.34 18 64.65 21.93
CCPT detectability reaction time for target vs non-target 50 21 51.67 10.69 18 56.08 8.73
CCPT variability of reaction time 50 21 57.06 10.21 18 58.73 10.48
Vigilance
CCPT hit reaction time interstimulus interval change 50 21 60.10 17.73 18 58.96 17.73
CCPT perseverations 50 21 52.87 10.28 18 52.38 9.41
CCPT response style 50 21 52.27 9.34 18 57.15 12.57
Selective attention
WISC-IV symbol search 10 21 7.33 4.45 18 7.44 3.50
Working memory 18
WISC-IV digit span total 10 21 7.62 3.47 18 9.22 3.19
Executive function
Inhibition
D-KEFS colour-word interference (condition 3)
Total errors 10 11 6.09 4.68 12 6.50 4.70
Time 10 11 6.45 3.98 12 5.92 4.21
Switching
D-KEFS colour-word interference (condition 4)
Total errors 10 11 5.72 4.67 12 7.08 4.60
Time 10 11 6.45 4.18 12 5.67 4.05
D-KEFS trail making test (condition 4)
Time 10 11 3.73 4.10 12 5.67 4.62
Total errors 10 11 6.91 4.85 12 8.17 4.63
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g2p=0.13) across their performance on the CCPT compared
with the waitlist comparison group after controlling for
baseline values (Table II). In addition, there was a trend
towards significance: the MiYoga intervention enhanced
sustained attention compared with the waitlist comparison
group (F1,33=3.74, p=0.06, g2p=0.10). There were no differ-
ences between groups postintervention for other child vari-
ables of inattention, vigilance, or response style (Table II).
Secondary outcomes
On secondary outcomes, there were no significant differ-
ences between groups, for any executive function, physical,
psychological, and behaviour measures (Table II). The
self-report CP QOL-Child (n=14: MiYoga, 5; waitlist, 9)
and the self- and parent-report Cerebral Palsy Quality of
Life Questionnaire for Adolescents (teen n=2: MiYoga, 2;
waitlist, 0; parent-report n=4: MiYoga, 3, waitlist, 1) were
not analysed postintervention because of insufficient num-
bers in each category on the basis of the age limit for the
questionnaires and technical issues when questionnaires
were administered.
Parent outcomes
Immediately postintervention (time 2), parents in the
MiYoga group had significantly lower mindfulness scores
on the Mindful Awareness Attention Scale (F1,32=10.13,
p=0.003, g2p=0.25). Parents in the MiYoga group reported
significantly less mindfulness than parents in the waitlist
comparison group. There were no differences between
groups, for parents’ psychological flexibility, stress, child–
parent relationship, or personal well-being postintervention
(Table II).
Table I: Continued
Variable Norm n
MiYoga
n
Waitlist
Mean SD Mean SD
BRIEF global executive composite
T score 65 21 61.57 11.95 18 57.28 11.57
Mindfulness
Child and Adolescent Mindfulness Measure 19 24.42 6.31 19 27.53 6.31
Behaviour
Strengths and Difficulties Questionnaire parent-report
Total difficulties score 21 12.19 6.25 21 11.10 6.02
Physical outcome measures
Lateral step-up 21 28.43 21.98 21 26.71 17.83
Sit-to-stand 21 12.29 7.62 21 11.48 4.94
Half-kneel to stand 21 8.76 9.80 21 10.57 10.14
6-minute walk test 21 32.78 15.58 21 38.60 10.28
Sit and reach test 20 13.05 8.78 19 12.47 7.47
Mobility
Mobility Questionnaire 28 items total score 20 77.28 20.72 21 84.013 15.37
Pain
Wong–Baker Faces Pain Rating Scale 18 0.56 1.15 17 0.35 1.06
Quality of life
CP QOL-Child parent-report
Emotional well-being and self-esteem 17 80.02 10.50 18 80.69 9.36
Pain and impact of disability 17 26.05 17.06 18 25.87 14.77
Participation and physical 17 63.53 13.13 18 68.73 13.36
Social well-being and acceptance 17 80.31 10.06 18 83.30 8.96
Access to services 17 62.13 19.44 18 66.80 14.08
Family health 17 59.93 21.91 18 68.92 17.33
Feelings about function 17 69.85 10.97 18 75.59 12.78
Parent measures
Mindfulness
Mindfulness Attention Awareness Scale 21 4.42 0.78 20 4.68 0.91
Psychological flexibility
Acceptance and Action Questionnaire–II 21 16.76 8.18b 21 11.86 5.68b
Psychological well-being
Depression, Anxiety and Stress Scale total score 21 20.38 23.30 21 12.24 12.77
Quality of life
Personal Wellbeing Index – Adult 21 76.01 12.88 21 78.87 10.52
Child–parent relationship
Child-Parent Relationship Scale
Closeness 21 32.90 2.59 20 31.65 3.47
Conflict 22 14.95 5.77 19 16.84 6.72
aVariable was transformed; untransformed data are reported. bp<0.05, clinically significant difference between groups. BRIEF, Behavior Rat-
ing Inventory of Executive Function; CCPT, Conners’ Continuous Performance Test, Second Edition; D-KEFS, Delis-Kaplan Executive Func-
tion System; CP QOL-Child, Cerebral Palsy Quality of Life Questionnaire for Children; WISC-IV, Wechsler Intelligence Scale for Children,
Fourth Edition.
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Table II: Analysis of covariance comparing MiYoga and waitlist groups on primary and secondary outcomes postintervention
Variable
Postintervention (time 2)
F p g2p
Treatment
effect
95%
LCI
95%
UCI
MiYoga Waitlist
n Mean SD n Mean SD
Child measures
Attention
Sustained attention
CCPT hit reaction time block change 19 48.48 8.11 16 54.79 9.51 3.74 0.06a,b 0.10 5.82 11.95 0.31
Inattention
CCPT hit reaction time 19 61.59 15.71 16 61.10 14.22 0.43 0.52 0.01 1.71 6.99 3.58
CCPT hit reaction time
standard error
19 56.74 11.76 16 61.60 12.78 4.59 0.04c 0.13 5.24 10.22 0.26
CCPT commissions 19 47.43 9.73 16 51.49 8.81 1.34 0.25 0.04 3.01 8.30 2.28
CCPT omissions 19 56.48 15.71 16 65.90 28.85 1.55 0.22 0.05 8.00 21.10 5.11
CCPT detectability reaction time
for target vs non-target
19 47.96 11.70 16 51.84 11.27 0.03 0.86 <0.01 0.66 8.26 6.95
CCPT variability of reaction time 19 55.02 9.20 16 58.74 10.82 1.80 0.19 0.05 3.10 7.83 1.62
Vigilance
CCPT hit reaction time
interstimulus interval change
19 61.22 14.48 16 61.57 14.15 0.42 0.52 0.01 2.14 8.87 4.58
CCPT perseverations 19 51.85 14.10 16 62.17 25.01 4.60 0.04c 0.13 9.49 18.50 0.48
CCPT response style 19 53.60 14.19 16 53.41 7.43 0.02 0.89 <0.01 0.57 7.75 8.89
Selective attention
WISC-IV symbol search 19 7.53 4.02 16 7.88 3.83 0.24 0.63 <0.01 0.41 2.09 1.28
Working memory
WISC-IV digit span total 19 8.47 3.66 16 10.31 3.34 0.19 0.66 <0.01 0.39 2.20 1.42
Executive function
Inhibition
D-KEFS colour-word interference (condition 3)
Total errors 10 8.20 4.98 10 10.80 3.36 1.23 0.28 0.07 2.00 5.82 1.81
Time 10 7.50 3.89 10 8.80 3.85 2.32 0.15 0.12 1.91 4.54 0.73
Switching
D-KEFS colour-word interference (condition 4)
Total errors 10 6.40 5.04 10 8.20 4.66 0.03 0.86 <0.01 0.33 4.31 3.65
Time 10 6.70 4.47 10 6.70 4.85 0.26 0.62 0.02 0.32 1.63 1.00
D-KEFS trail making test (condition 4)
Total errors 10 7.10 5.13 10 7.50 4.70 0.28 0.61 0.02 0.45 1.36 2.26
Time 10 6.00 6.16 10 5.90 3.73 0.08 0.79 <0.01 0.47 3.11 4.05
BRIEF global executive composite
T score 16 64.19 13.15 17 58.67 11.80 0.01 0.93 <0.00 0.30 3.16 3.76
Mindfulness
Child and Adolescent
Mindfulness Measure
13 25.54 7.30 16 28.63 6.11 0.60 0.44 0.02 1.49 2.45 5.44
Behaviour
Strengths and Difficulties Questionnaire parent-report
Total difficulties score 19 12.21 6.29 18 11.44 7.56 0.45 0.51 0.01 0.76 3.07 1.55
Physical outcome measures
Lateral step-up 19 32.36 25.05 19 30.47 20.65 1.17 0.29 0.03 2.41 2.11 6.93
Sit-to-stand 19 12.95 7.66 19 12.68 5.68 0.01 0.93 <0.00 0.08 2.03 1.87
Half-kneel to stand 19 9.79 11.28 19 11.42 10.34 1.62 0.21d 0.04 1.79 1.06 4.65
6-minute walk test (m) 19 333.42 158.73 19 373.16 103.28 1.08 0.31 0.03 16.91 16.10 49.93
Sit and reach test 17 12.44 10.39 17 13.62 8.73 1.08 0.31 0.03 2.36 6.99 2.28
Mobility
Mobility Questionnaire 28
items total score
17 74.16 25.30 18 84.67 16.34 <0.01 0.99e <0.00 0.09 9.13 8.96
Pain
Wong–Baker Faces Pain
Rating Scale
14 0.00 0.00 13 0.23 0.60 1.01 0.33 0.04 0.08 0.25 0.09
Quality of life
CP QOL-Child parent-report
Emotional well-being and
self-esteem
10 77.08 12.07 13 81.89 14.04 0.15 0.70 0.01 1.73 11.07 7.61
Pain and impact of disability 10 29.84 18.41 13 22.72 11.82 0.58 0.45 0.03 3.84 6.63 14.31
Participation and physical 10 64.89 12.37 13 70.10 70.10 0.95 0.34 0.05 3.55 4.03 11.13
Social well-being and acceptance 10 78.91 12.32 13 76.63 24.24 1.12 0.31 0.05 8.12 7.86 24.11
Access to services 10 62.24 11.10 13 66.04 12.07 0.01 0.93d <0.00 0.43 10.00 9.14
Family health 10 63.13 20.24 13 71.44 20.21 <0.00 0.99d <0.00 0.10 17.38 17.19
Feelings about function 10 74.13 6.49 13 80.21 10.66 1.75 0.20d 0.08 2.73 1.58 7.04
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Sensitivity analysis: intention to treat
An intention-to-treat analysis of ANCOVAs with the last
observation carried forward for all families who did not
complete postintervention assessments was conducted. The
interpretations of the results were in all cases consistent
with the results reported previously, with the exception of
the sustained attention variable from the CCPT, namely
hit reaction time block change. The intention-to-treat
analysis for this variable indicated that postintervention
sustained attention in the MiYoga group was significantly
better than in the waitlist comparison group (F1,37=5.97,
p=0.02, g2p=0.14).
Further analysis of sustained attention
The CCPT comprises six equal blocks. To analyse perfor-
mance over time, blocks 1, 2, and 3 were combined into
half 1 and blocks 4, 5, and 6 were combined into half 2.
Repeated-measures ANOVA was used to detect groups
(MiYoga and waitlist) by blocks (half 1 and half 2) interac-
tions and main effects of blocks (half 1 and half 2).
At baseline, there was no significant interaction between
group (MiYoga and waitlist) and blocks for hit reaction time,
percentage commission errors, or percentage omission errors
(Table III). There was a significant main effect for blocks
for hit reaction time and percentage omission errors but not
percentage commission errors, with participants in both
groups slowing and making more omission errors with time.
After intervention, there was a significant interaction
between group (MiYoga and waitlist) and blocks for hit
reaction time and percentage commission errors but not
for percentage omission errors (Table III). There was a
substantial main effect for blocks for hit reaction time and
percentage omission errors but not for percentage commis-
sion errors (Table III).
Post hoc tests (paired samples t-tests) showed that only
the waitlist group hit reaction times were significantly
slower and that they made significantly fewer commission
errors from half 1 to half 2 (Table III). However, both
groups showed an increase in omission errors across the
blocks (half 1 to half 2). Figure 2 illustrates the results
reported above and provides a direct comparison of the
performance on (1) hit reaction time, (2) percentage com-
mission errors, and (3) percentage omission errors between
half 1 and half 2 for the MiYoga and waitlist comparison
groups at baseline and postintervention.
DISCUSSION
To our knowledge, this is the first study to demonstrate that
embodied mindfulness-based practices are effective at
improving attention in children with CP by enhancing more
consistent responses or performances on tasks by reducing
inattention, ‘erraticness’, and impulsivity (CCPT: hit reac-
tion time standard error and perseverations). In addition,
MiYoga was associated with significant improvement on sus-
tained attention in the intention-to-treat analysis.
Sustained attention
When the results of sustained attention were analysed in
more detail, together they showed that postintervention
the waitlist group continued to perform in the same way
across the six blocks as they did at baseline. That is, they
started the task with fast reaction times and many commis-
sion errors (failure to inhibit button-press on target trials),
and their performance slowed significantly across blocks
Table II: Continued
Variable
Postintervention (time 2)
F p g2p
Treatment
effect
95%
LCI
95%
UCI
MiYoga Waitlist
n Mean SD n Mean SD
Parent measures
Mindfulness
Mindfulness Attention
Awareness Scale
19 3.88 0.82 15 4.72 0.93 9.40 <0.001c 0.23 0.65 1.08 0.22
Psychological flexibility
Acceptance and Action
Questionnaire–II
19 16.21 8.26 18 14.06 7.21 0.51 0.48 0.01 1.50 5.74 2.75
Psychological well-being
Depression Anxiety and
Stress Scale total score
19 26.36 26.36 18 15.37 16.63 0.45 0.51e 0.01 3.71 7.59 15.01
Quality of life
Personal Wellbeing Index – Adult 19 7.20 1.63 18 7.74 1.57 0.02 0.90e <0.00 0.06 0.93 0.82
Child–parent relationship
Child-Parent Relationship Scale
Closeness 19 32.68 2.16 17 32.24 3.27 0.44 0.84 <0.00 0.17 1.51 1.86
Conflict 19 16.58 4.69 17 16.71 8.21 0.16 0.70 0.01 0.57 2.36 3.49
Where possible, all standardized scores were used for analysis. aTrend towards significant. bSignificant difference between groups in inten-
tion-to-treat analysis. cp<0.05, clinically significant difference between groups. dViolated the assumption of homogeneity of regression
slope. eVariable was transformed; untransformed data are reported. g2p, partial eta-squared; CCPT, Conners’ Continuous Performance Test,
Second Edition; CP QOL-Child; Cerebral Palsy Quality of Life Questionnaire for Children; D-KEFS, Delis-Kaplan Executive Function System;
BRIEF, Behavior Rating Inventory of Executive Function; LCI, lower confidence interval; UCI, upper confidence interval; WISC-IV, Wechsler
Intelligence Scale for Children, Fourth Edition.
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along with an increase in errors of omission (Fig. 2). The
MiYoga group postintervention, however, started the task
with slightly slower reaction times and with fewer errors of
commission than the waitlist group. The MiYoga group
maintained this level of performance across the blocks while
still maintaining the same level of performance accuracy.
This suggests an improved ability to focus and maintain
attention on tasks across all blocks in the MiYoga group
postintervention. The percentage of omission errors was
very small, indicating that participants were highly accurate
in both groups. Both groups showed a tendency to miss
more button-presses (omitting) in the second half. This pat-
tern of performance did not change postintervention.
The results of the present study are consistent with evi-
dence in the adult population that mindfulness-based prac-
tice can enhance attention.9 Our results replicated previous
randomized controlled trials of mindfulness-based inter-
ventions investigating attention in typically developing
children.40,41
Parents’ mindfulness
An unexpected finding was that parents in the MiYoga group
reported decreased mindfulness after the intervention. It is
possible that parental assessments of their own mindfulness
were inflated at baseline, with parents better able to accurately
report their own mindfulness after receiving mindfulness
training. This is consistent with research showing differences
in how the Mindfulness Attention Awareness Scale was com-
pleted by experienced meditators and non-meditators.42 It
may be relevant to note here again that parents in the
MiYoga group score significantly higher on the Acceptance
and Action Questionnaire than those in the waitlist group at
baseline, suggesting higher levels of experiential avoidance
than parents in the waitlist group. This significant difference
between groups at baseline may also explain parents’ mindful-
ness results on the Mindfulness Attention Awareness Scale.
Executive function
Although we hypothesized secondary changes in executive
function after MiYoga, it should be acknowledged that the
primary target of MiYoga was attention. To improve execu-
tive function, MiYoga may need to target executive function
specifically.
Physical outcome measures
There were no significant differences between groups
found postintervention for children’s physical outcome
measures (sit-to-stand test, lateral step-up test, and half-
kneel to stand; sit-and-reach; the 6-minute walk test; and
Mobility Questionnaire 28 items). Participants reported
and documented that in their home practice over the 8-
week duration, they practised mindfulness techniques more
than the physical yoga postures.
Children’s psychological well-being
There were no significant differences between groups
found postintervention (8wks after baseline) for children’sTa
bl
e
II
I:
Re
pe
at
ed
-m
ea
su
re
s
an
al
ys
is
of
va
ria
nc
e
re
su
lts
–i
nt
er
ac
tio
ns
be
tw
ee
n
gr
ou
p
(M
iY
og
a,
w
ai
tli
st
co
m
pa
ris
on
gr
ou
p)
an
d
bl
oc
ks
(h
al
f
1,
ha
lf
2)
,a
nd
m
ai
n
ef
fe
ct
fo
r
bl
oc
ks
(h
al
f
1,
ha
lf
2)
po
st
in
te
rv
en
tio
n
M
iY
o
g
a
W
a
it
li
st
co
m
p
a
ri
so
n
G
ro
u
p
9
b
lo
ck
in
te
ra
ct
io
n
s
M
a
in
e
ff
e
ct
fo
r
b
lo
ck
s
n
H
a
lf
1
a
H
a
lf
2
a
n
H
a
lf
1
a
H
a
lf
2
a
W
il
ks
’
Λ
F
p
g2 p
W
il
ks
’
Λ
F
p
g2 p
B
a
se
li
n
e
O
m
is
si
o
n
e
rr
o
rs
(%
)
2
1
7
.4
2
(9
.3
7
)
1
1
.8
7
(1
2
.9
3
)
1
8
7
.4
3
(6
.2
9
)
1
3
.4
3
(1
1
.9
6
)
0
.9
9
0
.4
2
0
.5
2
0
.0
1
0
.6
6
1
8
.7
5
<
0
.0
1
b
0
.3
4
H
it
re
a
ct
io
n
ti
m
e
(m
s)
2
1
5
4
3
.1
1
(1
3
2
.2
4
)
6
0
2
.6
7
(2
4
3
.7
5
)
1
8
5
0
5
.4
8
(1
1
6
.1
7
)
5
9
1
.1
5
(1
3
8
.9
5
)
0
.9
4
2
.5
7
0
.1
2
0
.0
7
0
.7
5
1
2
.4
4
<
0
.0
1
b
0
.2
5
C
o
m
m
is
si
o
n
e
rr
o
rs
(%
)
2
1
7
0
.6
0
(1
9
.3
9
)
6
8
.4
9
(2
4
.9
7
)
1
8
7
2
.0
9
(2
0
.9
4
)
6
5
.0
9
(2
3
.2
9
)
0
.9
8
0
.8
0
0
.3
8
0
.0
2
0
.9
3
2
.7
8
0
.1
0
0
.1
0
P
o
st
in
te
rv
e
n
ti
o
n
O
m
is
si
o
n
e
rr
o
rs
(%
)
1
9
6
.7
5
(5
.9
1
)
9
.0
9
(8
.5
3
)
1
6
9
.5
0
(9
.8
1
)
1
1
.9
8
(9
.6
0
)
1
.0
0
0
.0
1
0
.9
4
0
.0
0
0
.8
6
5
.5
9
0
.0
2
b
0
.1
5
B
lo
ck
d
if
fe
re
n
ce
w
it
h
in
g
ro
u
p
t
p
H
it
re
a
ct
io
n
ti
m
e
(m
s)
1
9
5
4
2
.4
7
(1
4
3
.9
8
)
5
4
8
.6
1
(1
3
9
.9
2
)
1
6
5
1
0
.7
7
(1
2
1
.0
8
)
5
7
6
.0
6
(1
4
4
.7
7
)
0
.8
1
7
.5
8
0
.0
1
b
0
.1
9
M
iY
o
g
a
0
.4
7
0
.6
5
W
a
it
li
st
co
m
p
a
ri
so
n
3
.7
5
<
0
.0
1
b
C
o
m
m
is
si
o
n
e
rr
o
rs
(%
)
1
9
5
8
.3
7
(2
1
.8
7
)
6
4
.3
2
(1
9
.7
2
)
1
6
7
2
.4
8
(2
1
.0
0
)
6
3
.2
1
(1
8
.8
4
)
0
.7
8
9
.3
7
<
0
.0
1
b
0
.2
2
M
iY
o
g
a
1
.8
8
0
.0
8
W
a
it
li
st
co
m
p
a
ri
so
n
2
.3
7
0
.0
3
b
a
V
a
lu
e
s
a
re
m
e
a
n
(S
D
).
b
p
<
0
.0
5
.
g2 p
,
p
a
rt
ia
l
e
ta
-s
q
u
a
re
d
.
RCT of Embodied Mindfulness Yoga for CP Catherine Mak et al. 9
psychological well-being measures (Strengths and Difficul-
ties Questionnaire, Child and Adolescent Mindfulness Mea-
sure, CP QOL-Child, and the Behaviour Rating Inventory
of Executive Function) (Table II). Children in both groups
scored in the normal range on the Strengths and Difficulties
Questionnaire,27 Child and Adolescent Mindfulness Mea-
sure,26,43 the parent-reported CP QOL-Child,44,45 and the
Behaviour Rating Inventory of Executive Function25 at base-
line, and hence this may reflect a ceiling effect.
Pain
There were no significant differences between groups
found postintervention (8wks after baseline) for children’s
pain level (Wong–Baker Faces Pain Rating Scale). Children
in both groups scored below a one (‘no hurt’) at baseline
and postintervention.
Parents’ psychological well-being and the child–parent
relationship
There were no significant differences between groups at
time 2 for the parents’ psychological well-being mea-
sures (Acceptance and Action Questionnaire; Personal
Wellbeing Index; Depression, Anxiety and Stress Scale;
and Child-Parent Relationship Scale). Similarly to the chil-
dren’s psychological well-being results, parents
scored within the norms of the respective measures at
baseline, which may have been a ceiling effect.36–39
Limitations
Although power estimates for hypothesis interaction effects
of the primary CCPT measure indicated that there was ade-
quate power, this was a pilot pragmatic randomized con-
trolled trial with a modest sample size. Other limitations of
this study were that many comparisons were conducted, the
waitlist comparison group was non-active, and there was a
lack of home practice recorded by participants. Future studies
should consider offering separate parallel sessions for the par-
ents so that the mindfulness can be sufficiently targeted to
them and not just focused on the children.
CONCLUSION
The results of this study suggest that MiYoga is a promis-
ing programme for children with CP in enhancing their
sustained attention and consistency of performance on
tasks while lowering impulsivity. Further quality trials of
similar mindfulness-based movement programmes are
required to validate the results of the current study.
MiYoga offers a lifestyle intervention to children with CP
and, with this, children can perform MiYoga techniques
wherever they are with their parents, family, and friends.
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RESUMEN
EFECTO DEL PROGRAMA DE YOGA MINDFULNESS MIYOGA SOBRE LA ATENCION, EL COMPORTAMIENTO Y LOS RESULTADOS
FISICOS EN LA PARALISIS CEREBRAL: UN ENSAYO CONTROLADO ALEATORIZADO
OBJETIVO Investigar la eficacia de un programa de mindfulness incorporado, MiYoga, dirigido a la atencion en ni~nos con paralisis
cerebral (PC).
METODO Cuarenta y dos ni~nos con PC (57.1% hombres, edad media 9 a~nos 1 mes, SD 3 a~nos 0 mes, Sistema de clasificacion de
la funcion motora gruesa niveles I=22, II=12, III=8) y sus padres fueron aleatorizados a MiYoga (n=21) o grupos de comparacion en
lista de espera (n=21). El resultado primario fue la atencion post intervencion medida por la prueba de rendimiento continuo de
Conners, segunda edicion (CCPT). Los resultados secundarios incluyeron mindfulness de los padres e hijos, la calidad de vida del
ni~no, el bienestar de los padres, la funcion ejecutiva del ni~no, el comportamiento del ni~no, las medidas fısicas del ni~no y la
relacion entre padres e hijos.
RESULTADOS Los ni~nos del grupo MiYoga demostraron una atencion significativamente mejor post intervencion que el grupo de
comparacion de la lista de espera, con puntuaciones de inatencion mas bajas en el error estandar de tiempo de reaccion
(F1,33=4.59, p=0.04, eta parcial [gp2] =0.13) variable y menos errores de perseveracion (F1, 33=4.60, p=0.04, gp2=0.13) en el CCPT.
El analisis por intencion de tratar tambien revelo que la atencion sostenida en el grupo MiYoga fue significativamente mejor que
en el grupo de comparacion de la lista de espera post intervencion (F1,37=5,97, p=0,02, gp2=0,14). Los padres del grupo MiYoga
demostraron una disminucion significativa de mindfulness (Mindfulness Attention Awareness Scale, F1,33=10.130, p=0.003,
gp2=0.246).
INTERPRETACION MiYoga ofrece una intervencion en el estilo de vida que mejora la atencion en ni~nos con PC. MiYoga puede
considerarse como una opcion adicional a la rehabilitacion estandar para mejorar la atencion de los ni~nos con PC.
RESUMO
EFEITO DO PROGRAMA DE YOGA E ATENC~AO PLENA MIYOGA NA ATENC~AO, COMPORTAMENTO, E RESULTADOS FISICOS EM
PARALISIA CEREBRAL: UM ENSAIO CLINICO RANDOMIZADO
OBJETIVO Investigar a eficacia de um programa baseado em atenc~ao plena, MiYoga, voltado para a atenc~ao em criancas com
paralisia cerebral (PC).
METODO Quarenta e duas criancas com PC (57,1% do sexo masculino; media de idade 9a1m, DP 3a 0m; Nıveis do Sistema de
classificac~ao da func~ao motora grossa I=22, II=12, III=8) e seus pais foram randomizados para participar do grupo MiYoga (n=21)
ou uma lista de espera de comparac~ao (n=21). O desfecho primario foi a atenc~ao pos-intervenc~ao mensurada pelo Teste de
Desempenho Contınuo de Conners, segunda educ~ao (TDCC). Desfechos secundarios incluıram a atenc~ao plena dos pais e
criancas, qualidade de vida da crianca, bem estar dos pais, func~ao executiva da crianca, medidas fısicas da crianca, e relac~ao pai-
filho.
RESULTADOS Criancas no grupo MiYoga demonstraram atenc~ao significativamente melhor pos-intervenc~ao do que o grupo
comparac~ao da lista de espera, com menores escores de desatenc~ao na variavel erro padr~ao do tempo de reac~ao para apertar
(F1,33=4,59, p=0,04, partial eta squared [gp
2]=0,13) e menores erros de perserverac~ao (F1,33=4,60, p=0,04, gp2=0,13) no TDCC. A
analise de intenc~ao de tratar tambem revelou que a atenc~ao sustentada no grupo MiYoga foi significantemente melhor do que o
grupo de comparalic~ao de lista de esperra apos a intervenc~ao (F1,37=5,97, p=0,02, gp2=0,14). Pais no grupo MiYoga demonstraram
significantemente menos atenc~ao plena (Mindfulness Attention Awareness Scale; F1,33=10,130, p=0,003, gp2=0,246).
INTERPRETAC~AO O MiYoga oferece uma intervenc~ao de estilo de vida que melhora a atenc~ao em criancas com PC. O MiYoga
pode ser considerado como uma opc~ao adicionar para a reabilitac~ao convencional para melhorar a atenc~ao de criancas com PC.
